Fritillaria borealis is a cosmopolitan species, very frequent in sub-antarctic and antarctic waters. The objective of this paper was to analyze its size structure and maturity stages at two sites in Ushuaia Bay: a coastal site exposed to anthropogenic pressure (E1) and a reference site (E2) located in the external zone of the bay. Zooplankton was collected during the 2012 seasonal cycle. The sampling method involved the use of a 67 μm-mesh net. Appendicularians were classified in four maturity stages: I) undifferentiated gonads, II) testis and ovary differentiated, III) expanded testis, IV) discharged testis, expanded ovary. Our results showed that the highest densities of F. borealis occurred in spring and summer at both sites; coinciding with high values of chlorophyll-a. The percentage of juveniles (I and II) exhibited a spatial and temporal pattern similar to that observed for chlorophyll-a values. During spring-summer, juveniles and mature specimens (III and IV) showed a greater gonadal development than those individuals found in autumn-winter. In conclusion, the mismatching in the population structure and the pattern of densities of F. borealis between coastal and external zones would suggest the existence of two sub-populations susceptible to the influence of the anthropogenic impact in the bay. (FENAUX 1998; FENAUX et al., 1998) , several of them being important components of the marine zooplankton. They are protandrous hermaphrodites and the shape and disposition of the gonads differ between species (FENAUX, 1967) .
AbstrAct
Fritillaria borealis (LOHMANN, 1896) is a small sized cosmopolitan species which presents short generation times and high rates of growth and reproduction (FENAUX, 1976) . In this species, the ovary is spherical and the testis is positioned behind the ovary on the same longitudinal axis (FENAUX, 1967; MARTINUCCI et al., 2005) . WYATT (1973) studied the spatial distribution of appendicularians in the North Sea and described their sexual development on the basis of 402 specimens collected between mid-winter and early spring. Based on the morphology of the gonads, that author defined four maturity stages but within them, stage II presented extremely broad characteristics. Thus, this stage ranged from juveniles with an incipient ovary and testis differentiation to adults with a mature testis. Regarding stages I and III, they included, respectively, juveniles with as yet undifferentiated testis and ovary and adults with mature ovaries. In stage IV, individuals with both gonads discharged were included, although they die immediately after this event has occurred. To our knowledge, this is the only research on the life cycle of F. borealis.
In the Southwestern Atlantic Ocean, F. borealis is a very common species. However, probably due to its fragility, knowledge about its ecology is scarce. Some studies performed in the northern shelf waters of the Argentine Sea, have shown that in this area, temporal variations of F. borealis density are associated with temperature variations. During the seasonal cycle at a Buenos Aires coastal station (38º28´S, 57º41´W), its highest densities occurred during the autumn-winter period, coinciding with the lowest temperatures (CAPITANIO et al., 2008) . Also, in the subAntarctic region, AGUIRRE et al. (2012) , who studied the seasonal variation in the composition and abundance of metazooplankton in different bays of the Beagle Channel, reported that this species is widely distributed in these coastal zones. F. borealis was an important component of zooplankton in spring (November), coinciding with maximum values of chlorophyll-a. In Ushuaia Bay, our study area, BIANCALANA (2008) studied the seasonal and spatial differences in the composition and abundance of holo and meroplankton and their relation to environmental conditions. That author observed a higher frequency of occurrence of this species in summer (March). This far, no population studies of F. borealis have been conducted in this bay.
As a consequence of an unplanned and rapid economic development as well as a high demographic growth, the coastal area of Ushuaia Bay suffers nowadays diverse anthropogenic pressures; among them, the discharge of sewage and industrial effluents without any treatment (ESTEVES; AMIN, 2001) . The main contribution of sewage pollution comes from Encerrada Bay, which receives approximately 50% of the sewage of Ushuaia (ESTEVES; AMIN, 2001; GIL et al., 2011) .
Considering the above mentioned fact, in this study we propose to compare the development of F. borealis populations at a coastal site and at a reference site located in the external zone of Ushuaia Bay, along a seasonal cycle. To achieve this goal we propose: 1) to redefine the maturity stages of F. borealis based on the morphology and morphometry of the gonads; emphasizing the functional distinction between juveniles and adults; 2) to determine maturity stages and size structures of the population and analyze its relationship with the environmental characteristics in each season at both study sites.
MATERIAL AND METHODS

Study area
Ushuaia Bay is located in the Isla Grande de Tierra del Fuego (Argentina) on the northern coast of the Beagle Channel (54º79'S-68º22'W). It presents a total area of 21.7 km2 (LUCHINI; WICKI, 2002) . The bay is characterized by its irregular depth ranging from 6 to 30 m in the western zone and from 100 to 170 m in the eastern zone near the Beagle Channel (DIODATO, 2008) . Current velocities range from 5.5 to 16.3 cm/s (BALESTRINI et al, 1998) . Salinity reaches maximum values during winter, decreasing in spring and summer due to the melt water effect on the flow of different fresh water inputs, mainly those of Grande and Buena Esperanza Streams (ITURRASPE et al., 1989) .
cOllectiOn and prOceSSing Of SampleS
Samplings were conducted during the 2012 seasonal cycle: late summer (07-08 March), late autumn (18-19 June), late winter (25-26 September) and late spring (10-11 December). Two sampling sites were selected: a coastal site (E1) (54º48.51'S, 68º17.71´W) and a site located in the external zone of the bay (E2) (54º50'S, 68º14.33´W) (Figure 1 ). Samples were collected aboard a motor boat. At each site, the mesozooplankton was sampled using a 67 μm-mesh net by means of oblique hauls from a maximum depth of 30 m to the surface at a speed of approximately 1 knot for 5 minutes. The volume of water filtered by the net was estimated using a mechanical General Oceanics ® flowmeter. Samples were preserved in 5% formalin. Temperature and salinity at the surface and 10 m depth were measured with a Hanna Hi 9828 multiparameter probe. Also, 500 ml of seawater was collected in bottles at those depths to estimate the concentration of chlorophyll-a. Filtrations were performed through Whatman GF/F filters (0.7 μm pore) and gentle vacuum. Filters were stored in the dark at -18º C until extraction. Extractions of chlorophyll-a were made with 90% acetone and their concentrations were determined by fluorometry in accordance with HOLM-HANSEN et al. (1965) . a micrometric ocular. Photographs corresponding to each maturity stage were taken with a Sony DSC P-200 camera attached to the optical microscope.
Gonadal development (i.e., measured as gonadal length) of individuals corresponding to each maturity stage was compared between seasons and study sites. For this propose, an Analysis of Covariance (ANCOVA) was performed using the length of the trunk as covariate. Previously, the assumptions of homogeneity of variance and normality of the covariate as well as the assumption of homogeneity of slopes (i.e., no interaction between covariate and treatment) were verified. In cases in which all or some of the assumptions were not verified, Ln (Lt) or Log10 (Lt + 1) transformations were applied. A significance level of 0.05 was used, excepting in three cases in which a 0.01 level was employed due to the lack of assumptions after data transformation. InfoStat packages were used for data analysis.
RESULTS
SeaSOnal variatiOn Of temperature, Salinity and chlOrOphyll-a at the cOaStal and external SiteS Of uShuaia Bay
Values of temperature showed a clear seasonal pattern decreasing in autumn-winter and increasing in spring-summer. Differences between surface temperature and that at 10 m depth were slight (< 0.5º C) at both sites. Generally, temperature values were slightly higher at E1 (Figure 2A ).
Maximum and minimum values of salinity were recorded in late winter and late summer, respectively. At E1, an extremely low salinity value was registered at 10 m depth during summer. Except for this season, salinities were slightly higher at E2 ( Figure 2B ).
At both sites, maximum values of chlorophyll-a were recorded at the surface during late winter; minimum values were recorded in late autumn. As a general pattern, chlorophyll-a values were slightly higher at E2 in summer and autumn; while in winter and spring, these values were higher at E1 ( Figure 2C ).
gOnadal develOpment and pOpulatiOn Structure Of Fritillaria borealis
Based on the observation of a total of 1048 specimens of F. borealis collected along a seasonal cycle at both study sites, it was possible to describe the different stages of this species' life cycle (Figure 3 ). Early juveniles (I) present The quantification of F. borealis was carried out under a stereomicroscope by examining aliquots extracted randomly from the homogenized samples until 10% of each sample had been completed (BOLTOVSKOY, 1981) . When F. borealis was scarcely abundant, a total count was performed.
In order to characterize maturity stages and size structure in each season, subsamples of at least 100 individuals from each site were employed. For each specimen, length of trunk and length and maximum width of gonad were measured under an optical microscope with present in juvenile stages but become clearly conspicuous in stage III. In these specimens, a V-shaped groove was observed in the posterior wall of the testis whereby the spermatozoon evacuation may begin to occur ( Figure 3I ). We also found specimens in which the content of the testis expands to occupy the lateral extensions of the genital sac ( Figure 3K ). In a late maturity stage (IV), the testis is partially or totally discharged and the rupture of the ovary wall occurs, with the subsequent expansion of its content ( Figure 3L-N) . In a late, brief stage, the gonad exhibits only mature oocytes ( Figure 3N ). Once the oocytes have been discharged, the specimen dies and the gonad is represented by a wide, transparent and flaccid genital sac; completely empty or with the presence of gonadal tissue rests ( Figure 3O) .
Generally, the seasonal pattern in the maturity stages structure of F. borealis differed between the two study sites. In late summer, at the coastal site (E1), similar percentages of juveniles I (36.3%) and mature specimens (45.4%) were observed; while at E2 juveniles (I) were the dominant stage (77.3%) ( Figure 4A, B) . Due to the extremely low density of F. borealis during autumn at E1, it was not possible to determine its stage structure. At E2, juveniles (I) were dominant (62.9%) ( Figure 4C ). Contrary to that observed in summer and autumn, the percentage of juveniles (I and II) was higher at E1 in winter (81%); while at E2 similar percentages of juveniles and mature specimens were found (50.9% and 49.03%, respectively) ( Figure 4D , E). In spring, percentages of juveniles (I and II) and mature specimens were similar at both sites (E1: 52.6% and 47.3%; E2: 58.7% and 41.2%, respectively) ( Figure 4F, G) . A broad overlapping of the trunk size ranges corresponding to different stages of development was observed. Particularly, the greatest overlapping of sizes occurred between juveniles II and mature individuals (Table 1) .
Regarding density of F. borealis, its highest values were recorded in spring and summer, at both sites. At E1, density varied between a maximum of 1224.2 ind.m-3 in summer and a minimum of 8.5 ind.m-3 in autumn. Densities were always markedly higher at E2, maximum and minimum values were recorded in spring (4758.4 ind.m-3) and winter (35.8 ind.m-3), respectively ( Figure 5) .
The degree of maturity of juveniles differed, in each site, according to the season. Despite the high variability observed, in spring and summer juveniles I and II with a significantly larger gonadal length than those found in autumn and winter months, were observed ( Figure 6A -D, Table 2 ). During spring, juveniles I showed, at E2, a transparent, loose genital sac behind the digestive tract which may be empty or present a poor development of gonadal tissue ( Figure 3A, B) . In successive stages, the gonad, not yet differentiated or with very incipient differentiation, develops until it occupies the genital sac ( Figure 3C-E) . In a late juvenile stage (II), gonad differentiation occurs and the presence of ovary and testis is clearly observed (Figure 3F-H) . Specimens who exhibit an early maturity stage (III) are characterized by a noticeable increase in the volume of the ovary and by an increase in the size of the lateral dorso-ventral flattened extensions of the genital sac ( Figure 3I-K) . These extensions are also larger trunk sizes than those observed in other seasons ( Figure 6B ). The gonadal length of mature individuals (III and IV) showed, at both sites, a pattern of seasonal variation similar to that described for juveniles; being significantly larger in warm months (Table 2) . In this case, the patterns were not clearly defined probably due to the low number of individuals in these stages, especially in autumn and winter. At both E1 and E2, individuals reached larger trunk sizes in spring ( Figure 6E-H) . When comparing all data obtained along the seasonal cycle for each site, no differences in the gonadal length of juveniles were observed. However, the gonadal length of mature individuals (III) was significantly larger at the coastal site. Gonadal length of individuals of stage IV did not show any significant differences (Table 2) .
DISCUSSION
On the basis of the observations made of the Fritillaria borealis specimens collected in Ushuaia Bay along a seasonal cycle, it was possible to distinguish four maturity stages. The description of each stage was complemented by morphometric data of the gonad and the trunk of the specimens. This new classification exhibits some differences with respect to that proposed by WYATT (1973) . Stage II includes only juvenile individuals whose testis and ovary have already differentiated; while originally individuals with mature testis (here presented as stage III) also had been included in that stage. Individuals with mature ovary and those with both gonads discharged, before classified as III and IV respectively, are now included together in stage IV. In view of the short duration of this last stage of maturity and considering that the great fragility of fully mature individuals complicates their quantification in the samples, we consider that the redefinition of stages here proposed is more representative of the maturity status of F. borealis populations.
In this study, the population structure and densities of F. borealis in Ushuaia Bay varied seasonally and according to the zone of the bay, coastal or external, considered. The environmental variables showed a strong seasonal pattern.
The highest values of chlorophyll-a were found at both sites in late winter and summer. These results are consistent with those obtained by HOFFMEYER et al. (2009) , who studied the annual cycle of phytoplankton. Chlorophyll-a values show a bimodal curve both on the coast and in the external zone of the bay; maximum values occur in spring and late summer when conditions of light and temperature are optimal for phytoplankton development. Besides, the seasonal patterns of temperature and salinity are consistent with observations made by BIANCALANA et al., (2012 , 2014 ) and ITURRASPE et al., (1989 . When comparing the coastal and external sites, the differences in the environmental variables were less noticeable. The coastal site showed lower values of salinity and higher ones of temperature than those registered at the external site. These differences are mainly explained by a greater contribution of fresh water in the coastal zone and by a remarkable influence of the current from the Beagle Channel at the mouth of the bay (BIANCALANA, 2008) . The percentage of juveniles (I and II) showed a spatial and temporal pattern of variation similar to that observed for chlorophyll-a values. The highest percentages were registered in summer and autumn at the external site, while in winter they were registered at the coastal site. However in spring, their percentages were similar at both sites. The association between chlorophyll-a values and the percentage of juveniles could be explained by a higher recruitment of appendicularians in environments where phytoplankton food is more abundant. This bottom-up regulation has been reported frequently in populations of appendicularians (BÅMSTEDT et al., 2005) . AGUIRRE et al. (2012) observed that the highest densities of F. borealis in the Beagle Channel during spring coincided with the maximum values of surface chlorophyll-a. In the present study, the highest densities of F. borealis were registered in spring and summer while the maximum values of chlorophyll-a occurred in late winter. This was probably due to the fact that the winter sampling coincided with the beginning of the phytoplankton bloom. Considering that the numerical response of zooplankton occurred with a certain delay, it was not possible to register the consequent changes in the density of appendicularians until the spring sampling. In fact, the larger trunk sizes observed in the spring populations of F. borealis could be explained by their development in an environment with higher abundance of food.
In addition to the above-mentioned bottom-up process, it has been reported that populations of appendicularians may suffer a top-down regulation. Several studies have shown that this group constitutes a prey item for fish larvae (CAPITANIO et al., 1997; PURCELL et al. 2005 ). It has also been shown, experimentally, that calanoid copepods are able to feed on eggs and juveniles of appendicularians, thus altering their density and population structure (SOMMER et al., 2003; LÓPEZ-URRUTIA et al., 2004; STIBOR et al., 2004) . Observations made using a 200 μm-mesh net during this seasonal cycle (Pers. Comm.) have shown that the abundance of calanoid copepods was irrelevant and frequently lower than the abundance of appendicularians. This result did not suggest a strong predation pressure by copepods. In fact, the abundance of appendicularians, markedly low on the coast as compared to the external zone in autumn, winter and spring, would be explained by competence processes with small sized taxa of zooplankton. These taxa would be the cyclopoid copepod Oithona similis (autumn), Cirripedia and Echinodermata larval stages (winter) and the cladocerans Podon leuckarti and Evadne nordmanni (spring); although their abundances were underestimated as a result of the use of the 200 μm-mesh net. These observations reinforced the hypothesis of the existence of bottom-up processes even though their importance can not be evaluated as larger zooplankters (including other potential predators) were not quantified.
The broad trunk size ranges presented by the different stages would suggest important intrapopulation variability in the development. Particularly, the greatest size overlapping observed between juveniles II and mature individuals (III and IV) would be indicating that the size (measured as length of trunk) is not an appropriate indicator of maturity in the mature stages. When the testis matures, the gonads experience a remarkable growth in width, so this measurement would represent a better indicator of maturity. It is noteworthy that the sizes of juveniles I and early II probably were underestimated since in most of these individuals the edges of the genital sac were broken. Individuals in the last stage of maturity (IV) showed a mean trunk size lower than those registered in the previous maturity stage (III). It was observed in the appendicularian Oikopleura dioica that during the maturation process, the trunk is slowly reabsorbed and this reabsorbed material would be invested in gonadal maturation (LOMBARD et al., 2009a) . This process described in O. dioica could be consistent with our observations of mature individuals of F. borealis.
During the spring and summer months, at both sites, juvenile and mature individuals presented a greater gonadal development (measured as gonadal length) than those of the same size found in the autumn and winter months. This result could be explained by the increase of temperature during the warm seasons and its consequent effects on the metabolic rates of appendicularians. LOMBARD et al. (2009b) observed, experimentally, that an increase in temperature produces increased assimilation and respiration rates in O. dioica. As a consequence of this, the maturation process accelerates and the generation time (i.e., time between egg production and spawning) is reduced.
When comparing patterns of seasonal variation of the density of F. borealis at the two study sites, a mismatch between them was observed. On the coast, the density maximum occurred in summer and the minimum in autumn. At the external site, maximum and minimum densities occurred in spring and in winter, respectively. The mismatch found in the population structures and in the patterns of density of F. borealis between coastal and external sites could suggest the presence of two discernible subpopulations associated with the environmental characteristics of each zone, the coastal and the external ones. This hypothesis is coherent with the findings of BIANCALANA et al. (2012 BIANCALANA et al. ( , 2014 and BARRÍA DE CAO et al. (2013) who have shown the presence of different mesozooplanktonic and microzooplanktonic associations in the coastal and external zones of Ushuaia Bay. Also, due to the low depths, the presence of dense forests of macroalgae (Macrocystis pyrifera) in the coastal zone may contribute to the retention of zooplankton in this area. The results obtained in this study indicate that the population structure of F. borealis could be influenced by levels of chlorophyll-a (i.e. due to the proportion of available nanoplanktonic cells) and to bacteria densities. The northern and northwestern coast of the bay is characterized by high levels of organic matter from anthropogenic sources and nutrient enrichment, with a direct influence on phytoplanktonic biomass and composition (ESTEVES; AMIN, 2001; GIL et al., 2011) . Therefore, populations of F. borealis would be susceptible to the influence of the anthropogenic impact on the bay. Future studies which 
